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PEEFACE. 


Hospital physicians and clinical students, for 
whose use this hook is more especially intended, 
will appreciate what to others appears somewhat 
of a confusion in the chemical and analjd)ical parts, 
viz., grammes associated with grains, litres and 
cubic centimetres with ounces, drams, and minims. 
As the metric system has as yet only won its 
way into the scientific laboratory, but has not 
been adopted in our clinical wards, I have given 
the preparation (supposed, by-the-bye, to be done 
by the chemist or apothecary attached to the 
hospital or institution) of the solutions in the 
metric system, but the results are always given 
as so many grains to the ounce of urine operated 
upon. Till the metric system has wholly super- 
seded our irregular English systems, I fear we 
must be prepared with such expedients, and I 
shall be most Ixappy to make the necessary 
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changes if the progress of the better system and 
the success of the book require it. 

The calculations have not been refined by 
corrections for temperature and barometrical pres- 
sure, in order to encourage clinical students to 
perform analyses daily. 

The study of the urine and its chemical inves- 
tigation is claiming every year greater prominence 
in professional education. From the facility 
with which random or ingenious hypothetical 
answering can be checked, it is also bulking more 
largely in clinical and qualifying examinations. 

•The illustrations are, for the most part, the 
result of observation of some years made during 
clinical examination of urine for the demonstra- 
tions conducted in Dr. Charteris’ Wards, Eoyal 
Infirmary, Glasgow. 

I may be permitted here to call attention to 
what seems to me the suitability of the etching 
needle for delineation of microscopic appearances, 
and the honour I feel in associating the name 
of a surgeon and aquafortist so celebrated as 
that of Mr. Seymour Haden, who has done 
so much to render etching a living art in this 
country. 

J. T. W, 

Becrbmbee, 1879. 
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STUDENT’S PRIMER ON THE URINE. 


Urine is the richest and most varied of the 
secretions connected with the human economy. 
The evidences of disease revealed by its physio- 
logical observation and chemical investigation are 
most satisfactory and oonclnsive. It is a micro- 
cosm, so to speak, in which the body represents 
itself ; its operations in health ; in disease, its 
abnormal waste and productions. 

In disease the patient will often call attention 
to the quantity of urine voided being less or 
more than usual ; its altered appearance, whether 
due to cloudiness, turbidity, high colour, or pale- 
ness, abundant or peculiar sediment, odour, or 
sensation in passing. 

Sensation in passing Urine. 

Frequent desire to micturate may arise from 
abundant secretion, as in diabetes, urinus potus ; 
tenderness of the urinary passages rendering them 
less tolerant of the fluid, as in catarrh, cystitis. 
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presence of stone, disease of prostate, urethritis; 
changes in the urine itseK, acidity or acridity 
of urine; disease or disturbance in sexual and 
neighbouring organs, metritis, vaginitis, flatulence, 
loaded bowels, taking drugs or , stimulants ; 
nervous excitement, lesion of nervous and cerebral 
system. 

Difiicult or painful micturition may be caused 
by inflammation, obstruction, stricture, spasm of 
urinary passage (as from exposure to cold) by 
viscidity of fluid, stone in bladder or urethra, or 
by drugs. 

Quantity. 

The normal average quantity of urine voided 
during the day of twenty-four hours is forty to 
fifty ounces. In a state of health this average is 
liable to fluctuation, being increased by repose 
or want of exercise, exposure to cold, dry skin, 
and decreased by increased respiration, exercise, 
warmth, perspiration, and nervous excitement. 

Abundant micturition follows abundant secretion, 
unusual imbibition, taking -of fat, use of stimu- 
lants, diuretics, alkalies, salines, drugs, cantharides, 
opium, belladonnsB, on convalescence after fevers, 
acute diseases, and after nervous attacks. 

Decreased micturition may be brought about 
by use of diaphoretics, increased respiration and 



COLOUR. 


perspiration, drastics, Turkish baths, diseases pro- 
ducing anasarca and dropsy, suppression, uraemia, 
and fevers. 


Colour. 

• 

Urine is amber-coloured in health ; in other 
conditions the colour may vary from that of 
nearly clear water to that of porter or ink. 

Urine is paler when dilute and abundant, after 
drinking, in diabetes, excitement of kidney, after 
hysteria and nervous attacks, in convalescence after 
fevers and acute diseases ; salines and astringents 
turn urine paler. 

Urine is higher coloured when scanty and con- 
centrated, after food, exercise, in bilious attacks 
and acid indigestion, mental anxieties, in fevers 
and acute diseases; in rheumatism and gout 
it is reddish yellow; in inflammation of kidney 
or acute Bright’s disease smoky from admixture 
of blood; in disease and injury to bladder and 
urinary passages more or less scarlet from presence 
of recent blood corpuscles. 

In haematinuria it is of a port wine colour from 
haemoglobin or blood-colouring matter. 

Chylous urine is the colour of milk, from the 
presence of fatty matter in a minute state of 
division. 

In cystitis, pyelitis, urethritis, gonorrhoea, 
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absoess or suppuration of bladder, prostate, or 
urinary passages, or disorder of some neighbour- 
ing organ or part discharging into urinary passage, 
the urine is of a muddy greyish-yellow from 
presence of pus. 

In jaundice urine is greenish-brown. 

Taken medicinally, iron, logwood turn urine 
dark ; rhubarb, santonin, saffron give it a reddish- 
colour ; carboUo acid absorbed into the body from 
dressings applied to open sores, or as injections 
into cavities, turns urine black. 

The colour of urine is probably due to indican, 
a substance nearly identical with indigo, and re- 
lated to the colouring matter of bile, and again to 
chlorophyll. It is supposed to be due to the 
oxidization and disintegration of the red blood 
corpuscles. 

Urine may be deeply coloured by the colouring 
principle of coffee, when strong infusion is taken 
even in moderate quantity. 

Urine is readily coloured on taking rhubarb, 
senna, hsematoxylum, or pyrola. Urine coloured 
by rhubarb may be mistaken for bilious urine, 
but this error can be detected by liquor ammo- 
nioe, which turns the dark orange to crimson. 

Dark urine of a brownish or brown porter 
colour, or blackish-grey colour, indicates the rapid 
disintegration of the red blood corpuscles. 
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Odour. 

Urine possesses a peculiar and special smell. In 
rheumatism, gout, acid indigestion, catarrh of 
bladder, the odour is strong ; odour of urine is 
also intensified by acids. 

Certain drugs taken internally are detected by 
their odour in the urine, copaiba, cubebs, sandal- 
wood oil; asparagus and garlic as food. Tur- 
I)entme gives odour of violets to urine. Diabetic 
mine has a sweetish odour, which has been 
likened to the faint smell of hay or whey. 

Urine becoming alkaline, especially so from pre- 
sence of pus or blood, has a stale disagreeable 
odour. 

Urine containing cholesterine has the odour of 
sweet-brier, sometimes that of putrid cabbage, 
from the large percentage of sulphur contained in 
cholesterine. 

Sulphuretted hydrogen may be evolved from 
urine. 


Specific Q-ravity. 

Urine being a saline solution is always heavier 
than water. Its specific gravity is reokonid by 
comparison with distilled water, by means of a 
hydrometer specially constructed for the pm’pose, 
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and hence known as a nrinometer. The urinb- 
meter placed in distilled water floats at the mark 
jj 0° or zero, conventionally spoken of 
as 1000'^, and the other numbers in 
like manner, thus if floating at 31 ^ 
we say the urine is of the specific 
gravity of 1021°, or more conven- 
tionally still, “ ten twenty-one,” and 


f 
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so on. 


The average specific gravity of 
normal healthy urine is 1015° to 
1025°. 


The specific gravity is temporarily affected by 
many circumstances, but only what may be con- 
sidered permanently by disease. 

The specific gravity is high in diabetes mel- 
litus, rheumatism, gout, fevers, and is increased 
after violent or prolonged exercise, sweating, food. 
The specific gravity is often low in albuminous 
urine, in aneemia, in dilute and abundant (except 
in diabetes mellitus) urine. 

If the specific gravity of a urine is above 1030°, 
we suspect the presence of sugar, and use the tests 
indicated under “ Sugar,” p. 24. 

Core should be taken that the urinometer float 
freely without touching the sides of the glass, 
and more than one sample of the day^s urine 
should be tested. 
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Reaction. 

Normal healthy urine is markedly acid when 
voided, becomes more so on standing for a period 
of days, when it gradually turns alkaline, from 
the presence of ammonia developed from the 
decomposing acid urea, — thus 

Urea, CNgH^O = CO3 (NHJg, Carbonate of 
^ Ammonia. 

The acid reaction of urine is due to acid .salts, 
— acid phosphates of soda and potash, acid urates, 
oxalic acid, etc. 

The reaction is distinguished by litmus paper, 
blue litmus paper being turned red by acid urine, 
and red litmus paper blue by alkaline urine. 

If the urine changes neither, it is neutral. When 
on the point of passing from the acid condition to 
the alkaline, the urine may be found alkaline on 
the top and acid at the bottom. This is important 
to remember, otherwise the student wiU be misled 
as to the presence of acid crystals (urates, uric acid, 
oxalates) in what appears to be alkaline urine. 

The urine of persons suffering from rheumatism, 
gout, acid indigestion, uric and lactic acid diathesis 
wiU be found markedly acid. 

Hot, highly nitrogenous stimulating articles of 
diet and alcohol increase the acidity of the urine. 
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Urine is alkaline when voided in severe forms 
of paraplegia, in cystitis, and when pus is present. 

Administration of alkalies and salines in large 
doses will cause the urine to be alkaline when 
voided. 

Fresh or acid urine quickly becomes alkaline by 
the addition of a little stale urine or ammonia.* 

History and Behaviour, Cloudiness, 
Turbidity. 

Normal and nearly all urines except those 
containing pus and blood are clear when voided. 
If dilute when voided it remains clear for a good 
while, if scanty or concentrated it soon becomes 
cloudy or turbid. 

Soon after voiding, if mucus be present in 
quantity it forms as a light cloud floating in the 
urine, which soon sinks, generally forming the 
first deposit. Mucus disappears as urine becomes 
alkaline. 

Vibrios and bacteria develop, especially in 
some urines, as the change takes place; after- 
wards disappearing. 

The pellicle often seen floating on the top of 
urine consists of the phosphates of lime and soda. 

* In Raimel mannfaoEurmg districts it Ras been the custom 
to ooUect and keep the urine till stale (then known as “ lant *’) 
for cleansing the cloth. 
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^ Acid urine may become turbid from presence of 
urates and acid phosphate of lime, but as udne 
becomes alkaline these dissolve. 

Uric acid crystals are seen in very acid urine, 
disappearing as urine becomes alkaline. 

Blood, pus, and mucus deposit in acid urine, 
and are partially or wholly dissolved as urine 
becomes alkaline. 

When pus is present urine becomes ropy as it 
turns alkaline. 

Albuminous urine is often opalescent or slightly 
cloudy. 

If froth on surface remains after being voided, 
suspect albumen or bile. 

Blood in urine causes a smoky appearance, or 
cloudiness varying^'to turbidity. 

In alkaline urine the diffused cloud is composed 
of triple phosphates of ammonia and magnesia. 

Urine is alkaline when voided, or rapidly 
becomes alkaline in cystitis, paraplegia, or in 
inflammatory diseases of urinary passages. 

Urine becomes turbid when changing into 
alkaline state, and then may clear. 

The amount of acidity in the urine can be 
estimated by means of a standard solution of 
caustic soda (Standard solution 12 b, p. 69),^ gra- 
duated so that a certain volume corresponds to a 
certain amount of oxalic acid. 
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To 50 0.0. of fresh urine, add the standard 
solution of soda in small portions, say | o.o. at a 
time, and test after each addition with blue 
litmus paper. When the litmus paper does not 
become red any longer the test is complete. If, 
say 20 o.o. of the soda solution have been used, 
acidity equal to *308 grain of oxalic acid is 
indicated in the 50 c.c., and if two litres (2,000 
c.c. = about 3 pints) have been voided, acidity 
equal to 12*32 grains of oxalic is indicated. 

The amount of alkalinity of urine can be tested 
by applying the standard solution of oxalic acid, 
until an acid reaction is obtained. Every c.c. of 
the solution used is equal to *0154 grain of oxalic 
acid. If one ounce has been operated upon it is 
easy to calculate for the number of ounces voided. 

Sediment or Deposits. 

In fresh urine the commonest deposit is mucus 
forming a floating mass of cloud or semi-gelati- 
nous mass at foot of glass. 

A pink or red brick-dust deposit generally 
lying on the mucous mass is the deposit of 
amorphous urates of ammonia, soda, and lime. 
The urates only exist in acid urine, disappearing 
as urine becomes alkaline ; they are soluble by 
heat, acetic and other acids, ammonia. 

Oxalates of lime, when present, are found on 
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the hummooky surface of the mucous mass at the 
foot of the glass, looking like a slight powdering 
on the top of a wig. Oxalates may sometimes he 
seen sparkling and adhering to the sides of the 
glass, if examined against a favourable light. 

Uric acid crystals are often large enough to be 
seen adhering to the sides of the glass, or lying 
like grains of cayenne pepper amongst the mucus 
and other sediment. They are the only crystals 
which show colour under the microscope. 

Pus shows as a heavy amorphous greenish- 
yellow sediment, disappearing as urine becomes 
alkaline, or on the addition of liquor potassee. 

Blood forms a heavy red amorphous sediment. 

In chronic BrighPs disease the deposit is very 
light and flocculent, and symptomatic of tube 
casts. 

Deposits of tube casts, as a rule, come down 
slowly, and are found on the top of the other 
deposits. 

Phosphates form a heavy whitish precipitate, 
and are often seen sparkling against the sides of 
the glass. 


Albumen. — C gg Hgg Nq O^iS. 

Of all the substances in urine, the presence of 
albumen is the most important indication to the 
physician. The pathological states in which it 
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appears are acute and chronic Bright’s disease of 
the kidneys, with or without tube casts ; pregnancy 
and puerperal state; febrile and inflammatory 
diseases, such as scarlet, typhoid, yellow, and 
traumatic fevers, measles, small-pox, ague, diph- 
theria, pneumonia, peritonitis, articular rheuma- 
tism, etc. ; impediment to the circulation of the 
blood, such as emphysema, heart disease, abdo- 
minal tumours, cirrhosis, etc. ; a hydraemio and 
dissolved state of the blood and atony of the 
tissues, as in purpura, scurvy, pyaemia, gangrene ; 
in haematinuria and in lead poisoning. It of 
course accompanies presence of blood, pus, and 
spermatic fluid. 

Tests for Albumen. — The tests are heat, 
nitric acid, carbolic acid, alcohol. 

By Heat , — Pour some of the suspected urine 
into a narrow test-tube, to about the depth of two 
fingers’ breadth — IJ inches. Hold the tube in 
an inclined position in the flame of a spirit lamp 
or bunsen burner* (at the same time shaking a 
little), so that the upper layers of the urine are 
first heated. Boiling in this way prevents the 

^ The flame of these being smokeless. In private visiting 
the want of a smokeless flame is a drawback to the examina- 
tion of urine ; gas and candles being very objectionable in this 
way. The glowing ashes of a fire; paraffin, petroleum, 
Argand, and oohsa lamps (holding the test-tube above the glass 
-chimneys) do not smoke the glass tube. 



TESTS FOK ALBUMEN. Vd 

hot urine from being jerked out upon the hand, 
and also keeps the albumen from being moved 
about by the cuirents set in motion by the heat* 

It is quite necessary that the urine be markedly 
acid when applying this test, as albumen will not 
precipitate in alkaline urine, but remains dissolved ; 
or if phosphates are abundant they precipitate 
with the heat, forming a deceptive cloud. A drop 
of nitric acid will dissolve the phosphates and 
bring down the albumen, but it is a good rule to 
acidify the urine with acetic acid before boiling. 

Nitric Addin the Cold . — Fill a narrow test-tube 
to the depth of an inch with urine, then giving it 
an inclination of about 45®, allow the nitric acid 
to trickle slowly down the side of the glass. By 
its gravity it will go to the bottom of the tube. 
Where it is in contact with the urine it will coagu- 
late the albumen present. Upon holding the tube 
perpendicularly, the fluid will be seen in three 
layers — the clear refractive nitric acid below, the 
more or less clear urine above, with a cloudy layer 
of coagulated albumen between. This is a very 
striking and delicate test for albumen. 

Carbolic Acid , — If a drop or two of strong 
carbolic acid be shaken up with the urine m a 
test-tube ; if albumen be present, the lirine will 
turn quite milky. 

Alcohol , — Where albumen is suspected, but is 
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known to he in small quantities, it is best detected 
by as much alcohol (rectified or methylated spirits, 
60° 0,P. as commonly sold) being allowed to 
trickle with some little force on the top of the 
urine. A fine layer of the albumen will be seen 
where the two fluids meet. , This test has the 
advantage of acting as freely in alkaline as in acid 
urine. 

Estimation is made by allowing the precipitate 
to settle, and then comparing its bulk with the 
bulk of the urine employed, or by filtering and 
weighing and calculating the proportion. 

An estimation has been proposed consisting of 
a method of boiling a fixed and acidified quantity 
of from one to two ounces, filling it, by means of 
a slit at the top, into a level tube, with opaque 
metal sides but glass ends, and observing some 
object, such as the flame of a candle, a square hole 
against the light in a blackened sheet. If the 
precipitate of albumen is too dense, it may be 
diluted with so many times its bulk of water. 
Oalculations could be founded upon experi- 
ments. 

If the albuminous urine be examined by the 
polariscope, in the manner recommended for sugar 
(see page 27), the index will be found to have 
turned to the left, and the number of degrees read 
ofi wiU give the percentage of albumen. 
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Chlorides of Sodium and Potassium. 

Testing and estimation of the chlorides axe 
nnimportant, except in the case of pneumonia. 
During the acuteness of the attack the chlorides are 
deficient in the urine, recurring during resolution. 

About 250 grains are secreted in the twenty- 
four hours by a healthy man. 

Estimation : — The chlorides are precipitated in 
acid urine by excess of nitrate of silver ; the pre- 
cipitate filtered and weighed. 

Or if a standard solution of nitrate of silver 
were allowed to fall drop by drop into a measured 
quantity of the urine, to which two or three drops 
of a solution of neutral chromate ’of potash had 
been added, till a i*eddiBh tinge is produced by the 
drop, we can calculate from the amount of silver 
used the amount of chlorine combined, and hence 
the chlorides present. 

Estimation of the chlorides by nitrate of silver, 
in a standard solution (Standard solution 8, 
p. 67), proceeds thus: — 

A fixed quantity of the urine, say 1 oz., is first 
to be qualified by the addition of two or three 
drops of yellow chromate of potash in saturaJi^ 
solution. The standard solution of silver is then 
allowed to drop in the urine till a reddish tinge 
(from the chromate of silver) begins to show. 
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disappearing on stirring. With the first drop 
producing the reddish tinge that does not dis- 
appear by stirring the process is finished, and the 
quantity of the standard solution used read off. 

By the formulse NaCl -f- AgNOg = AgCl + 
NaNOg 58*5 parts by weight of NaCl are indicated 
by 143*5 parts of the precipitate, and 170 parts of 
silver nitrate will precipitate this amount of NaCl 
or 1*7 part’s AgNOg indicate *585 parts of chlorides 
in the urine. Then if a solution of nitrate of 
silver be made containing 1*7 grains to the c.c., this 
would form a standard solution, indicating for 
every c.c. of it used to form the precipitate a 
weight of *585, or roundly *6 grain of chlorides. 

Solution of nitrate of mercury (Standard solu- 
tion 6 b) will also serve for estimating the 
chlorides. After clearing the urine of the phos- 
phates with the baryta solution, the nitrate of 
mercury is allowed to drop in gradually. The 
chloride of mercury formed is soluble in the 
urine, and the process is continued till signs of a 
permanent precipitate (nitrate of urea) begin to 
appear. 

Supposing 1 oz. of the urine to have been ex- 
perimented upon and 15 c.c. of the Standard solu- 
tion 6 B, have been used before the permanent 
precipitate appeared, then the urine contains 15 
grains of chloride of sodium to the ounce. 
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Ammonia. — NH g. 

The j)resence of free ammoniais detected by* the 
odour ; by suspending moist red litmus paper over 
the urine while being gently warmed, or by 
bringing the fumes of hydrochloric acid near to 
gently wanned urine. 

The free ammonia in urine may be estimated 
by placing a measured quantity of * the urine, to 
which milk of lime is added, under an air-tight 
bell-glass, under which is also placed a shallow 
vessel containing a measured quantity of titrated* 
acid. In the course of twenty-four hours or so, 
all the ammonia will have passed out of the luine 
into the acid, which is then titrated with standard 
alkali to find the amount of ammonia absorbed. 


Urea.— CN gH.O. 

As representing nitrogenous waste, urea is an 
important element to estimate in acute and wasting 
diseases, in diabetes, fevers, rheumatism. 

In health it is secreted at the rate of 300 to 500 
grains daily.' The amount is subject to much 
variation according to the state of the body, 
exercise, digestion, food; being increased by a 
high meat diet and decreased by a mild or 

* Titrated = tested with, a standard solution, calculated on 
the baas of molecular weights. See also p. 9. 
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vegetable one. In chronic Bright’s and allied 
diseases the amount is below the average. 

Urea is very soluble in urine, but in excess 
forms a copious sediment in combination with the 
ammonia, soda^ potash, and lime. This pre- 
cipitate is readdy dissolved by heat, nitric acid, 
ammonia. 

Estimation 'OF Urea. — Urea may be estimated 
by three methods — Liebig’s, the hypo-bromite, 
and the nitric acid. 

1. Nitirc colourless nitric acid in 

excess is added to urine concentrated to a fourth 
or sixth of its volume and cold, nitrate of urea 
crystallizes out in large, brilliant, yellow laminae, 
which are very insoluble in the acid liquid. The 
formula for nitrate of urea is COH4N2NO3H, 
and the weight of ike crystal is to the urea as 
123 : 60. . 

2. The hypo-h'omite method is the readiest 
and most convenient. It is a volumetric method, 
depending upon the measurement of the nitrogen 
liberated from the urea. The amount of urea is 
then calculated from the formula. 

The .accompanying drawing represents the 
apparatus for this purpose, arranged so that the 
amount of urea is indicated at once. The tall jar 
is nearly filled with water, and the cork fits loosely, 
acting merely as a sjupport to the inverted burette. 
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A flexible tube oounects the burette with the gene- 
rator, consisting of a small test-tube inside a wide- 
mouthed phial, closed with an india-rubber cork. 
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The solution of hTpo-bromite is prepared by 
adding 40 minims of bromine by measure to 420 
minims of solution of caustic soda in water (one 
of soda in two and a-half water). This is put 
into the wide-mouthed phial. Then 65 minims 
of urine by measure are put into the test-tube, 
which is carefully slid into the phial * without 
spilling. The phial is now securely corked, 4 ,nd 
we note the level of. the water in the burette. By 
cautiously incHning and shaking the generator, 
we allow the urine and hypo-bromite to mix. 
Efiervescence takes place, the nitrogen passes 
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over to the burette and depresses the surface of the 
water. The number of degrees it is lowered gives 
the measured units of nitrogen, representing the 
urea in grains, or grains of urea per ounce of 
urine, as the markings on the bureti^ may be 
aiTanged for. (See p. 71.) 

Liebig^ s method is less handy. Three solutions 
are necessary : — 

First, a standard solution of nitrate of mercury 
(Standard solution 5 a). 

Second, a solution of baryta (Standard solu- 
tion 7). 

Third, a saturated solution of carbonate of soda. 

One volume of the baryta solution is added to 
two of the urine, and the mixture filtered. If 
the mixture shows a precipitate with more baryta 
solution added, begin de novo and add one volume 
of the baryta solution to one of urine. The pre- 
cipitation by the baryta solution removes the phos- 
phates from the urine. Next take as much of the 
filtrate as contains 10 c.c. (*6 cubic inch) of the 
urine, and acidulate with a few drops of nitric acid. 
The nitrate of mercury solution dropped from a 
graduated burette is stirred into the filtrate till a 
permanent precipitate begins to appear, when the 
amount of nitrate solution is noted. The nitrate 
is again added drop by drop, till a drop of the 
solution gives a yellow colour with the soda solu- 
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tion. The amoimt of nitrate solution used between 
the production of the precipitate and the yellow 
discoloration with soda, multiplied by ten, gives 
the amount of urea. 

Multiply the amount of urine used in the ex- 
periment by the amount of urine passed in the 
day to obtain the daily secretion of urea. 


Phosphates. 

The exhausted phosphorus of the body appears 
in the urine as acid phosphate of lime, phosphate 
of ‘Soda, and as the triple phosphates of ammonia 
and magnesia. 

The estimation of the phosphorus in the urine 
is of the utmost importance to determine the 
waste going on in disease, just as the determi- 
nation of the urea shows whether the secretory 
apparatus is satisfactory. 

Estimation of the Phosphorus. — Acidify 
urine (50 c.c.) with (5 o.c.) of a standard solution 
of acetate of soda (Standard solution 10). The 
acidulated urine' is warmed on a water bath, 
and a standard solution of aoetate of urahium 
(Standard solution 9) is added drop by drop till 
precipitation ceases. If a drop of the liquor 
brought into contact with a drop of ferrocyanide 
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of potassium turns brown^ the operation is 
finished ; but if it turns blue more of the 
uranium- solution must be added. The number 
of c.c. of the uranium solution used multiplied 
. by 6 will give in milligrammes the amount of 
phosphoric acid in the specimen. The milli- 
gramme =? *0154 English grain. 

The earthy phosphates are estimated by 
adding caustic liq. ammonia and sulphate of 
magnesia in excess and stirring briskly. Wait 
till precipitate falls and urine clears. Filter and 
ignite when 100 parts of residue contain 63*96 
parts of phosphoric anhydride (P3 O5), and 
phosphorus equals 62 out of 142 parts. So that 

weight of residue x 63*96 x 62 1 i 

—2 ioinris =pl.c^lion„. 

Blood. 

If actual blood discs are contained in the urine 
exanoination under the microscope is the readiest 
and best test. Blood discs voided with the 
urine are Hable to be changed from steeping in 
the urine. Rouleaux are seldom seen. The 
discs get warped, and in time the colour and 
body are washed out, leaving the empty shell 
looking like a ghost of its former self. Hence I 
name these skeleton corpuscles. In these cases 
and in heematinuria, we fall back upon the blood- 
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colouring matter, liaemoglobin, and test for it bj 
three tests — ^the guaiacuin test, Heller’s test, and 
the spectroscope. 

The Oiiaiacim Test . — Add a few drops of 
tincture of guaiacum to a small quantif y of urine 
in a test tube ; then about as much ozonised ether 
(solution of peroxide of hydrogen in ether) as there 
was urine. If blood-colouring matter be present, 
a sapphire blue colour will be produced. 

Kellerh Test . — The urine rendered alkaline 
with liquor potassoe or sodcB, heated to boiling 
point, and set aside. The precipitated phos- 
phates are of a greenish or reddish colour if 
blood colouring matter (haemoglobin) be present. 

By the Spectroscope — The spectrum of urine con- 
taining haemoglobin, will show certain well-marked 
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absorption bands. If recently voided and conse- 
quently highly acid, three bands — C, D, E, — 
will appear. 

If somewhat old the absorption bands at D and 
E only will appear. 
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Sugar. 

In diabetes mellitus the amount of- urine 
secreted daily may amount to more than 300 
ounces, and the sugar to 25 ounces. Although 
the patient has a ravenous appetite, emaciation 
results, accompanied by languor, and other evils. 
The detection and estimation of sugar, therefore, 
is of the utmost importance. The following ai’e 
the usual tests: — 

Moore^s Test . — Equal parts of urine and liquor 
potassm (B.P.) are boiled together in a test-tube ; 
when coming near the boiling point, if sugar is 
present, the fluid begins to show a pale lemon or 
canary colour, w^hich immediately goes on to 
deepen in tone to a pale sherry colour, then to a 
fine claret. The changes take place in the hottest 
part of the tube first, the rest following so that 
graduated tints are noticed during the boiling. 

Trommer^s Test . — Equal parts of urine, liquor 
potossae, and (10 grains to ounce) solution of 
sulphate of copper are mixed together in a test- 
tube, and shaken till they clear. Upon boiling, 
and when near the boiling point, the clear mix- 
ture suddenly becomes opaque with a fine orange- 
red precipitate of the sub-oxide of copper, which 
rapidly darkens to brown. 

Lowers Tesi^ or Bismuth Test . — Dissolve 15 
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grammes of «ubnitrate of bismuth in glycerine 30 
grammes, and solution of sodium hydrate (specific 
gravity ‘1*34) 60 to 70 c.c., and dilute with 150 
to 160 c.c. of w'ater. Heat to 100° Cent. (212° 
Fahr.), let stand and decant; test performed by 
adding a httle to the urine and boiling. Black 
precipitate falls if sugar is present. No positive 
conclusion to be formed if precipitate is grey or 
light coloured. Before testing urine albumen 
may be removed, and urine' filtered of mucus, 
urates, etc. 

FMing^s Test (Standard solution 4). 

As a qualitative test, Fehling^s solution is 
readiest and best. Put about a dram of the solu- 
tion in a test-tube and boil, add a drop or two of 
the diabetic urine, when, after an instant’s pause, 
the mixture will suddenly become opaque with a 
solid-looking orange red precipitate, which rapidly 
darkens to red, then brown. 

Quantative Test , — Allow 10 c.c. of the standard 
Fehling’s solution to run from the burette into 
a capacious porcelain dish and dilute with 50 c.c. 
of wRter. Put 1 c.c. of urine in another burette, 
and add 10 or 20 c.c. of water according, to 
quantity of sugar suspected. Boil the copper 
solution, and allow the diluted urine to run into 
it. ‘ When the blue colour is fast disappearing 
the diabetic urine needs to be cautiously added, 
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and when the mixture is quite colourless the 
process is complete. The urine may be added 
as long as the drops produce a yellow cloud on 
the surface of the copper solution ; when this 
ceases the urine may be set aside to cool. 

As 10 c.c. of the copper solution indicate the 
presence of 1 grain of sugar in the diabetic urine ; 
therefore, whatever quantity of the urine has been 
used, it contained 1 grain of sugar. Thus, if 
10 c.c. of the diluted urine (supposing it to have 
been diluted twenty times), that would be equal 
to *5 c.c, of undiluted urine, and that again to 
1 grain of sugar. If, saj^, 5 litres (equal to about 
9 English pints) are passed inter dicm^ the sugar 
would be equal to 1000 grains, 5 litres being 
equal to 500 c.c., or 1000 half c.c. 

Fermentation Test. — Estimation by density. 
The diabetic urine is fermented by adding a few 
grains of Grerman yeast, and keeping for twenty- 
four hours in a moderately warm place. The 
difference in degrees by the . urinometer of the 
densities before and after fermentation, represents 
the number of grains of sugar per ounce of urine. 

Polariscopic Test . — Polariscopes for the purpose 
of testing for sugar are fitted with a metallic tube, 
having glass ends, and a slit along the top by 
which to fill it. This tube fits into the inside of 
the instrument. The instrument is first set by 
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observing distilled water, the field being divided 
into two equal parts by a black line, and the screw 
and button adjusted till the two halves are of the 
same colour and- density. The distilled water ds 
then replaced by the urine, and the screw turned 
till both halves are again of the same tint. If 
sugar is present the scale will have gone to the 
right; if albumen, to the left. The number of 
degrees will give the percentage. 

Comparison Test . — If a solution of grape sugar, 
half a grain to the ounce, be boiled with the 
standard solution of liquor potassse, it may be 
placed in a burette or tube for comparison as a 
quantitative test. Thirty minims by measure of 
a suspected urine are put in a flask or large test 
tube, and an equal quantity of the liquor potassae 
added. The measure may be washed out with a 
dram or two of water, and this added to the 
mixture in the flask. The mixture is now boiled, 
and then poured into a burette beside the standard 
for comparison. The mixture is now diluted with 
water, till of the same tint as the standard. 
The amount of sugar in the urine is calculated by 
multiplying the half grain by the amount of dilu- 
tion. Thus, suppose the mine has been diluted to 
twenty- five times its original bulk, it will contain 
twenty-five half grains of sugar to the ounce. 
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Bile. 

Bile in urine gives it more or less a greenish 
tint, and causes it to remain frothy after void- 
ing. 

G^melinh Test , — A few di'ops of the urine and 
nitric acid are placed separately on a plate, dish, 
or saucer, and allowed to run together. At the 
line of contact will be seen a play of colours from 
green, violet, and blue, to red, the most character- 
istic being green. Or if the nitric acid be poured 
into a test tube to the depth of half an inch, and 
the same quantity of urine allowed to trickle down 
the sides of the tube, the play of colours represent- 
ing the oxidization of the colouring matters will 
be seen. 

Pettenkofer’ s Test . — A small quantity of the 
tu’ine containing bile is poured into a test tube or 
di’opped on a white porcelain surface, and a drop 
of saturated cane sugar added: strong sulphuric 
acid (the same quantity as of urine) is dropped in 
the mixture, and a moderate heat ai^plied. A 
beautiful cherry red replaced by deep purple is 
the result. This test is often untrustworthy. 

A better way is to put a couple of drams into 
a test tube with a small fragment of loaf sugar. 
Then about half a dram of strong sulphuric acid 
is slowly added in such a manned that the two 



BtLE. 


29 


fluids do not mix. After standing a few minutes 
a deep purple hue will he seen at the line of 
contact. 

Hoppe* 8 Method , — The alkaline salts of bile can 
he separated hy rendering the urine faintly alkaline 
with caustic ammonia, then diaoetate of lead added 
as long as precipitation occurs. The precipitate 
is washed on a filter boiled with alcohol over a 
water bath and filtered hot. A few drops of soda 
or potash are added to the filtrate, and the solution 
evaporated over a water bath. The residue is 
again boiled with absolute alcohol over a water 
bath, and then dissolved in an excess of ether, 
when the salts will cr^^stallize out, and can be 
tested for bile hy any of the foregoing tests. 




MICEOSCOPICAL APPEARANCES 


THP] SEDIMENT AND DEPOSITS. 


To obteun the cr 3 '- 8 tals, etc., the iirine must not be fresh, but 
have stood some time in order to allow the sediment to 
faU. 

Specimens of the deposit to be examined are to be taken out 
with the small pipettes described on page 63. A drop is 
allowed to run on the slide, the disc then dropped on, not 
flatly, but by inclining it, so that one edge touches the slide 
first. The superfluous flxjdd is taken up with a small slip of 
blotting paper. A quarter-inch objective will be found the 
most useful. 
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PLATE I. 

Amorphous IJrates of Soda, Ammonia, 
Lime, etc, 

X 200. 

Seen as a oopious pinkish, or light brick-dust 
deposit in acid urine. Soluble by heat, dilution, 
acids, and alkalies. More abundant in rheuma- 
tism, ferers, acute diseases, after food, exercise, 
perspiration, and after attacks of gout, hysteria. 
Less abundant or absent in dilute urine, diabetes, 
after imbibition, repose ; during gout, hysteria. 
Consist of uric acid, 94*36; ammonium, 1*36; 
sodium, 1*11 ; potassium, 3*15. The amorphous 
form taken by the salt is caused by the chloride of 
sodium in urine.. 


Uric Acid or Lithic Acid Crystals. — 

X 100. Cjo n, Og. 

Typical form that of a blunt lozenge. Strong 
raw sienna colour. The only crystals that show 
colour under the microscope. Found only in acid 
urine. May be seen adhering to sides of glass, or 
lying, like cayenne-pepper grains, among mucus 
or other sediment'. Soluble in alkali^^^and acids. 
Quantity of deposit depeifds very much upon 
action of the skin and. lungs,* being greater when 
they are sluggish and me versL 
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PLATE II. 

Uric Acid Crystals — Barer Forms. 

X 100. 

a. Glomeruli, like grains, easily 

seen by the naked "eye. Probably origin of gravel, 
calculi. In these forms the acid is in larger 
quantity. 

Uric acid can be procured from urine by 
adding 5 per cent, of pure hydrochloric acid 
and allowing to stand some hours in a warm 
place. The crystals can be separated by filtering 
and washing. 


Uric Acid Crystals — Barer Forms. 

X 10#. 

Acid strong, l^fostly feMt of Roid fermentation 
of amorphous urates, 

Uric acid dissolve in dilute nitric acid forms 
alloxantine, Cg 0^ -b 3 0. If ammonia 

be added a beautiful purple produ^ is formed, 
= mure:?g[de, or purpur^te of auunonium, Og H 4 
N4 07,,+ 2'N Hg.' 
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PLATE in. 

The Triple Phosphates op Ammonia and 
Magnesia, or Earthy Phosphates. 
NH^O, 2 MgO, P^ O, -f 12 HO. 

X 40. 

Pound in alkaline and ammoniaeal urine. Maj^ 
be seen glittering on sides of glass. Mostly of 
tbe truncated prism order. Soluble in caustic 
ammonia, but almost immediately re-form as the 
feathery phosphates. Excess of these phosphates 
seoi*eted in moILites ossium and acid -dyspepsia, 
albuminuria. 


Other Forms of the Triple Phosphates. 
Envelope Porms. 

X 40. 

‘ a. The markings bn some of these crystals are 
caused by partial re-solution, 
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PLATE ly. 

Steli.ar Phosphates 'oE" LImb.^-S OaO, Pg O5. 

x.m ■" 

Found in acid urine. Often as a pellicle floating 
01^ tlie surface ; in oomljjnation witli a pecpliar 
fatty matter, — kiestin, said to be cbaraoteristio of 
pregnancy. Crystals soluble in strong acids, 
albnmen, and mucus. May be thrown down by 
chloride of calcium and glycerine. 


Feathery Phosphates — Form of Triple 
Phosphates. 

X 350 . 

Sometimes deposited spontaneously. ’ If Hq. 
ammonia .and sulphate of magnesia are added to 
most urines in excess, the feathery phosphates 
begin almost immediately to form, and can be 
easily observed under the microscope. 






39 


PIATE V. t 

Oxalates of Lime. — C j CanO^, 4 HO. 

X ^0. 

Octaliedral in sliap^, like two pyiamids set base 
to base, baving one axis shorter , than ttie two 
others. Very refractive, more so than the phos- 
phates. May be seen glittering on the sides of 
the glass, if held against a favourable light, espe- 
cially sunlight. Oxalates' settle slowly, and are 
often found dusted over the hummocky surface of 
the deposit of mucus, forming the “powdered 
wig ” ' deposit. . Small fragmentary crystals are 
common, and apt to be overlooked. Mounted in 
Canada balsam they polarise with a good light. 


Dumb-Bell Crystals op the Oxalates 
' OF Lime. 


X 220. 

Comparatively rare. The oxfJM® of lime Ir 
association with di^anio matter, wMch prfefvents it 
firom assuming its usual characteristic crystalline 
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PLATE VI. 

Ubates of Soda. 

X 220. 

They form the pasty deposits or chalk stones in 
gout. 


Urate of Ahmonia.' 
X 220 . 
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PLATE VII. 

Cystine. — 0^ NS^ 0^. 

X 200. 

Six-sided crystals, con<iaiiimg 26 per cent, of 
sulphur. Tnsaluhle in boiling water, strong acetic 
acid, and weak hydrochloric acid. Soluble in 
mineral acids and ammonia, li present in urine 
may be thrown down by acetic acid. Urine con- 
taining cystine has the odour of sweet-brier, but 
sometimes that of putrid cabbage, owing to the 
sulphur. I once met with cystine (as well as 
cholesterine and tyrosine) in the fluid tapped 
from a case of empyema. 

Tyrosine. — Cg NOg. 

X 150. 

Said to be found in uxme in cases of acute 
yellow atrophy of liver, snialj-pox, typhoid fever, 
and acute tuberculosis. It may be prepared by 
boihng bdpt, ;£^ther^^ with sulphuric acid 
for forty hburs^ ^^pn neutrsdi^h^ M fluid and 
evaporatixig, the crystals , are di^orite^,i , Holfman 
tests for t^osine bj addin a soluti<m of nitrate 
of protoxide of mptenry, nearly ; a reddish 

precipitate i$ pj^tedJ^'^d' fi^ a dark-rose 
colour. 
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PLATE VIII. 

Leucine. — C j Hu NO 2 . 

_ X 200. 

When present in urine generally in solution 
and requires concentration. Leucine has been 
found in many of the solids and fluids of the body. 
Found in sections of the liver in jaundice. Can 
be obtained in conjunction with tyrosine from 
horn, feathers, etc. 


Cholesterine. — C jg 0 = €20 (PIO). 

X 150. 

Said to be found in urine of*patients with fatty 
degeneration of kidney. Found in the Smegma 
preputii — the secretion of -the sebaceous glands 
behind the glans penis, and associated with oil 
globules in urine. Cholesterine forms the chief 
ingredient of biliary calculi. T^e crystals are 
insoluble in water, but soluble in spirit, ether, and 
fats. 
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PLATE IX. 

Ei’ITHEUUM. 

X 150. 

a. iSquamous, or pavement epithelium, from 
vagina. 

?). Epithelium from ureter, uretlira, bladder. 


Fat Glohules. 

X 250. 

a. Fat globules formed in 'association with 
degenerated epithelium. 
h. Entangled in streaks of mucus. 
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PLATE X. ‘ 

# 

, BliOpD C-VSTS. 

X 200. 

From eases of acute nepluitis. Casts about 
1 -700th of an inch in diameter. The globules 
have their origin in or near the Malpighian body. 


Epitheliai*; Casts. 

X 200. - ' . / . 

Prom ^oases ■ of wufe . nej)hrltis. Casts about 
l-700th of an inch in diameter. 
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PLATE XL 

Granular Casts. 

X 200 . 

From cases of acute and chronic Bright’s dis- 
ease ; more abundant in the clironic stage. 
a. One cast enclosing another. 


•Faity Casts. 

X 200 . ■ 

From cases of fatty degeneration of the kidney, 
acute nephritis, chronic Bright’s disease. In adults 
recovering from acute nephritis it is quite common 
to find oil globules on the casts. 






PUATB XII, 

Waxy on Hyalixe Casts. 

X 200, 

Prom eases of waxy degeneration of the kidney ; 
acute and chronic Bright’s disease. The small 
casts about 1-1 000th of an inch in diameter. The 
small easts are derived from .tubes in which the 
epithelial lining is entire, lienee symptomatic of 
non-dosquamative nephritis. Some ‘again may 
come from tubes contracted b)^ disease. 


Mucous Casts. 

X 100, 

These casts may be observed without albumen 
being detected in the urine. Mucous casts of the 
seminal tubes may be foihetimes found, but are 
generally associatcMi with spermatozoa. 
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PLATE XIII. 

Mucus, Mucous Globules, akd Mucois 
Streaks. 

X 150. 

Given off when mucous surfaces are excited to 
extra secretion. The mucous streaks require a ver}- 
favourable light for their observation. Imper- 
fectly formed cells, generally from the follicles of 
the urethra and prostate frequently distributed 
through the mucous masses. 


Pus. 

X 150. 

а. Ordinary appearance of pus in urine. 

d d , Enlarged, to show crenulation, granules, 
and nuclei. 

б. Coiq)uscles multiplying by fissiparouS divi- 
sion. 

c. Epithelial scales breaking down into pus. 

d. Pus cell showing amoeboid movements. 

e. Pus cells after the addition of acetic acid. 

Pus may be found in urine mthout much 

derangement of mucous siufaces, just as in dis- 
charges from nostrils and tliroat. 

Addition of liq. sodse or potassoe to purulent 
urine clears it, and it then becomes ropy. 
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PLATE XIV. 

a. Bacteria (globules) and vibrios (rods), 
r/. Same under a higher power. 
h. Spermatozoa. 

• 1) : Sanie very much enlarged, showing the heads 
or cells. 

(\ F ungns occasionally met with in urine. 

(L Sarcinoe, from vomit. ‘ 


Blood. 

• a. Blood corpuscles, seen imder various powers. 

h.h. In rouleaux. 

c. After being some time in urine-corpuscles 
twisted. 

d. Ordinary appearance of corimscles afjer being 
some time in urine — the corpuscles losing their 
biconcavity and becoming spherules. 

e. “ Skeleton corpuscles— the colouring matter 
and substance washed out of the corpuscles, from* 
being immersed in* the urine. 

/. Blood corpuscles breaking up, and after acetic' 
acid 
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PLATE XV. • 

m 

Mould Fungus— Penicilium Gtlaucum. 

Seen in some acid urines 'containing albumen 
after considerable exposure to tbe air. May be 
met ■with in saccliarine urines. 


Yeast Fungus — Torul.^; Ceuevisi^. 

Showing fructification. Sometimes developed 
in considerable numbers \rithin twenty-dour hours 
after diabetic urine has been pwed. 
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PLATE XVI. 

ExTKANEOtS MaTTEJRS. 

>! i ' X abbut 100. 

d. Fragmout of human hail’. 
h. Fragment of cats’ hair, 
c. Muscular fibre. _ 

(1. Oil globules. 

p. Starch grains. ' , 

/. Feather ; o, knotted portloQ from lower part 
of shaft. 

g. Fibre of silk. 

h. Portion .of tea loflf . 

i. Jc. Flax fibres. 

j. Air bubbles. 
h Cotton fibres. 

m. Bread crumb. 

n. iHairs' from blanket. 

p. Portion of potato. 

q. Portion of wheat. 

r. Wood fibres. 
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The figure. (Fig. 4) represents a urinary test 
stand apanged for convenient analjdical work 
in hospital. The frame is arranged to hold 
about one dozen burettes, to contain the standard 
solutions ; the bottles from which they are re- 
plenished standing at the back, one or two of 
which are shown (/). 



Fia. 4, 


The burettes are graduated in cubic centi- 
metres (centilitres) and tenths of centimetres. 
They are fitted with india-rubber tubes with 
pinch-cocks and glass nozzles, besides being fur- 
nished with caps or corks of india-rubber, which 
may be removed or loosened at the moment of use. 

The burettes are supported by india-rubber 
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rings to prevent tliem slipping in tbe slots cut 
in the boards, Z>, h. Only one of the slots is 
shown to retain simplicity in the figure. The 
rings are such as are used on umbrellas. A strip 
of thin brass may be used to keep the burettes in 
their places. 

Two or tlrree of the burettes required for such 
caustic reagents as nitric acid, liquor potassse, 
liq. sodse, bromine, are better made with glass 
stop-cocks. 

The top of the frame is utilized as a stand for 
test-tubes, with pins and holes as seen at “ c,’' 
and by the two test-tubes in position. 

Filters can be aiTanged, as at ‘V,” by wire 
rings, which swing in wire staples. 

Other requisites are disposed about the frame — 
the ureameter ; Bunsen burner, fitted with ring 
for holding porcelain dish ; spirit lamp ; test 
papers in box ; strips of blotting paper. The 
pipettes shown at A ” should be kept in a 
urine-glass filled with clean water to prevent 
fouHng. They should be made of ^-in. tubing, 
drawn to a fine point, and fitted with nightcaps 
made of a bit of rubber tubing, as shown in 
the illustration. By pressure and exj)an8ion of 
the nightcap the exact amount of the deposit 
at the spot wanted can be conveniently managed. 

The bottom of the frame can be arranged as 
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a drawer, in wliich to keep test papers, uriii- 
ometer, spare pipettes, fitter papers, glass stirring 
rods, porcelain dishes, sheets of white paper, 
microscopic slides, covers, mounting apparatus, 
labels, etc. 

The Standard Solutions mostly wanted 

ARE : — 

1. Nitric Acid. — For albumen test. 

2. Methylated Spirit of Wine. — For albumen 
when known to be in small quantities. 

3. Liquor Potaasce. — For sugar test (Moore’s). 

4. Copper Sulphate. — For estimation of sugar 
(Fehling). 

5. A. Nitrate of Mercury. — Solution for estima- 
tion of urea (Liebig). 

6. D. Nitrate of Mercury. — Solution for estima- 
tion of chlorides. 

7. Solution of Baryta. — For precipitation of 
I)hosphates preliminary to test for urea and 
chlorides. 

8. Nitrate of Silver. — Solution for estimation 
of chlorides. 

9. Acetate of Uranium. — For estimation of 
phosphates. 

10. Acetate of Sodium. — Solution for assisting 9. 

11. A. Camtic Soda. — For ureameter. 

12. B. CauHtic Soda. — For indication of acidity. 
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13. Bromine . — Must he kept in a small burette 
graduated in minims. 

Acetic acid, liquor ammonia, sulphate of mag- 
nesia in solution may be kept in bottles. 

One or two of the burettes should be kept 
for measuring and dilution of urines. 

In testing for ui'ea, chlorides, phosphoric acid, 
the calculations per diem will be simplified by 
using precipitating glasses graduated in ounces, 
and operating upon a fixed* quantity, say 1 ounce. 
Wlien this quantity has been determined it will 
be easy to multiply the result by the number of 
oimees voided during the day. 


PllErAllATION OF StANDAKI) SOLUTIONS. 

(3.) Liquor PotasHcv . — Four ounces of the car- 
bonate of potash dissolved in G oun(3es of water, 
and solution filtered. Sp. gr. 1*12. 

(4.) Sohition of Copper Sulphate . — Sulphate of 
copper, 44*88 grammes (= 692*67 grains = 11 
drams, 32*67 grains). Taidrate of potash 
(neutral), 194*37 grammes 2298*9 grains = 38 
drams, 18*9 grains). Solution of caustic potash of 
sp. gr, 1*12, 850 to 900 c.c. Water, to 1 litre. 
10 c.c. of tliis solution indicate 1 grain of grape 
sugar. 
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(5. A.) Solution of Nitrate of Mercury. — 71*48 
grammes ( = 1103*93 grams) of pure mercury are 
dissolved in pure nitric acid upon a sand bath. 
Wlien nitrous fumes cease to be given off, and 
n drop of the solution gives no precipitate 
with chloride of sodium, the solution may be 
evaporated on a water bath to the consisiencj of 
a symp. It is then to be diluted to make up 
a volume of 1000 c.c. or 1 litre. If at any 
time the solution becomes turbid, it may be 
cleared by the addition of a few drops of nitric 
acid. . 

If commercial quicksilver be used an excess 
must be weighed out, and the process of solution 
in the nitric acid stopped before the mercury is 
completely dissolved. The solution is set aside 
to cool for crystals of protonitrate of mercury to 
form. The crystals are washed on a filter with 
a little nitric acid, then boiled with nitric acid 
till vapours of nitrous acid cease to be given off, 
and the solution gives no precipitate with chlo- 
ride of sodium. Evaporate to the consistency of 
a syrup and dilute as before. The proportion of 
mercury may be estimated by sulphuretted hydro- 
gen or potash. 

10 c.c. of this solution indicate 1*54 grains 
of urea. For greater convenience in calculations 
for per diem, the solution may be arranged thus — 
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10 c.c. indicate 1*54 grains of urea, .‘.1 grain of 
moa will bo indicated by 6*5 c.c. 

c.c, c.c. 

G-4o : 10 :: 1000 : 1538*46 and 1 c.c. = 153*846 
c.c. of dilution ; in4ead, theroforo, of diluting to 
1000 c.c. dilute to 153*846 c.c., then every c.c. 
will i^idicuite 1 grain of urea. 

(6. ]$.) Solution of Nitrate of ^fercarj/^ for esti- 
tnating tlie ebloridcs, consists of 17*06 grammes 
(263*47 grains) of pure mercury clissolved in cold 
nitric acid ; tbe protonitrate tbus formed dissoh cd 
and diluted as before to 1000 c.c. Then 1 c.c. 
indicates *154 grain of chloride of sodium, or, 
diluted to 153*846 c.c., 1 c.c. indicates 10 grains 
of the chloride. 

(7.) Solution of Baryta , — One volume of a cold 
saturated solution of nitrate of barjda (BaO, 
NcjOg) and two volumes of saturated baryta water 
(Ba 0, II 2 0) are mixed together. 

The barium nitrate is obtained in transparent 
colourless octahedrons, wliich ai*e anhydrous. 
The baryta water is prepaied from caustic baryta 
or barium hydrate. 

This solution is used to remove the phosphates 
from urine previous to testing for urea or chlo- 
rides. 

(8.) Solution of Nitrate of Silver . — For esti- 
mating the chlorides. 
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By the formula Ag NO^ -f Na Cl = Ag Cl -f 
Na NO 3 . 


Ag = 

108 ) 

108 

= Ag 

N = 

.14 

1 35-5 

= Cl 

30 = 

48 ) 

(23 

= Na 

Na = 

23 

14 

= N 

Cl = 

35-5 

48 

= 30 


170 grains of silver nitrate indicate 58*5 grains 
of sodium cldoride, and 2*906 of silver indicate 
1 grain of chloride. Tlien if every c.c. of the 
standard solution contains 29*06 grains of silver, 
10 grains of tlie chloride will he preci 2 )itated by 
every c.c. 

(9.) Sohition of Acetate of Uranium . — A quantity 
of uranium oxide, or of the yellow urano-sodic car- 
bonate is dissolved in acetic acid, and the solution 
diluted so that 1 c.c. j)reci 2 )itates 5 milligramnies 
(’0077 grain) of phosj^horic acid, or 50 c.c. of 
a sodium j)hos 2 >hate solution are preci 2 )itated by 
20 c.c. of the lu’aiiium solution, and there is yet 
a slight excess of uranium solution in the fluid 
to give the test with ferro-cyanide of potassium. 
The strength of the solution is asceidained by 
means of a standard solution of phosphate of 
soda, of which 1 litre contains 10*085 grammes 
(= 155*65 grains), 50 c.c. contain *1 gramme 
(15*432 grains) of xdiosjihoric acid, P^O^. To do 
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this 50 c.c. of the phosphate solution are mixed 
with 5 c.c. of the sodium acetate solution and 
heated to near boiling. The uranium solution, 
of unknown strength, is added slowly, until a few 
drops filtered through paj)er produce a distinct 
reddish-brown reaction with ferro- cyanide of 
potassium in a watch glass set on white paper. 
The solution is still further diluted till the 
reaction Avith ferro-cyanide begins to disappear. 
The standard solution of uranium should contain 
22*2 grammes of the acetate (= 342*63 grains), 
equal to 20*3 grammes (— 313*3 grains) of the 
oxide (XJrg O 3 ) in eacli litre. Every c.c. of 
uranium used indicates *5 milligramme ( = *00771 
grains) of phosphoric acid. 

(10.) Acetate of Soda , — Solution to assist the 
acetate of uranium in separating the phosphoric 
acid from combination with its salts in mine. 

100 grammes (= 1543*4 grains) of acetate of 
sodium and 50 c.c. of dilute acetic acid are dis- 
solved in water and diluted to make up 1 litre. 

(11. A.) Caustic Soda. — Solution for liberation 
of nitrogen in ureameter. 

100 grammes dissolved in 250 c.c. of water. 

(12. B.) Caustic Soda , — Standard solution for 
determining amount of acidity. 

Dissolve 1 gramme (15*434 grains) of dry 
oxalic acid in as much water as bulks to 100 c.c. 
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10 c.c. are now measured off into a urine glass 
and coloured red with tincture of litmus. A 
dilute solution of caustic soda is cautiously added 
until the red colour is turned to the original 
blue. If 6 c.c. of the soda solution have been 
used in effecflng this, they would correspond to 
1 decigramme gramme =1*54 grains) of 

oxalic acid. GOO c.c. of the soda solution are 
now diluted up to 1000 c.c. (1 litre). 1 c.c. of 
this standard solution neutralizes 10 milligrammes 
(*0154 grain) of oxalic acid. 

Table op the Standard Solutions, with 
THEIR Urinary Products. 

(4.) Copper sulphate, 1 c.c. indicates -pV gERHi 
of sugar. 

(5. a.) Nitrate of mercury, 1 c.c. indicates 1 
grain of urea. 

(6. B.) Nitrate of mercury, 1 c.c. indicates 10 
grains of chlorides. 

(8.) Nitrate of silver, 1 c.c. indicates 10 grains 
of chlorides. 

(9.) Acetate of uranium, 1 c.c. indicates *0071 
grain of jihosphoric acid. 

(12. B.) Caustic soda, 1 c.c. indicates *0154 
grain of oxalic acid. 
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Ureametek. 


The mai'kings on the hiirette are e.alcnlated as 
follows : — By the formula COH 4 , No (12+16 + 4 + 
(14x2) =28 parts of nitrogen are indicated by 
60 parts of urea. As 1 litre of liydrogen weighs 
*0896 gramme, 1 litre of nitrogen will weigh 
•0896 X 14 grammes ; but, as 1 litre is equal to 
61*028 cubic inches, and 1 gramme to 15*434 


grains. 


•0896 X 14 X 15 432 


= 1 cubic inch of 


nitrogen will weigh •3172 grain. Then, as 28 
parts of nitrogen are evolved from 60 parts of 
urea, 1 cubic inch of nitrogen will be evolved 

•^1 V PO 

from - — ~ ==: *679 grain of urea, and con- 
28 

versely 1 grain of urea will evolve 1*472 cubic 
inches of nitrogen. Obtain sectional area of 
burette by squaring its internal diameter, and 
inultij)lying by the ratio *7854, the result, divided 
into 1*472 cubic inches, will give the length of a 
marking indicating 1 grain of ur*ea ; or successive 
bullvs of water equal to this capacity filled into 
the tube will give the markings. If grains 
of urea per ounce of urine are required, we find 
that the quantity of urine used, fiSiti., is to 1 oz. 
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(480 TTl) as 1 is to the factor 7*385, so that length of 
marking obtained as above, divided by this factor, 
will measure off lengths indicating grains of urea 
per ounce of urine tested. 


Table or Average Composition of Healthy 


Urine. 

In 1000 parts. 


Water 


933’00 

Solid matter 


65'00 

Urea ... 


30-10 

Uric acid 


1-00 

Lactic acid, lactates, etc. 


17-14 

Chloride of sodium . . . 


4-45 

„ ammonium 


1-50 

Alkaline sulphates 


6-87 

Phosphate of soda 


2-94 

, , lime and magnesia 

1-00 

„ ammonia 

. . . 

1-65 

Mucus 

. . . 

-32 

Silica 


•03 


The average quantity and quality varies in 
health with age and weight, growth and decay of 
body. 
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Acetate of soda solution, 60 
Acidity, 7 
test for, 9 
Albumen, 9, 11 
tests for, 12 
estimation, 14 
Alcohol, effect of, 7 
Alkaline urine, 8, 9 
Alkalinity, estimation, 10 
Alloxantine, 33 
Ammonia, 17 
test for, 17 

Amorphous urates, 31 

Bacteria, 8, 57 
Baryta solution, 67 
Bile in urine, 28 
Bismuth test, 24 
Blood casts, 49 

in urine, 9, 11, 22, 57 
tests for, 23 
Burettes, 62 

« 

Carbolic acid as a drug, 4 
test, 13 

Changes in urine, 7, 8 
Chlorides, 15 

estimation, 15 
Cholesterine, 5, 45 
Chylous urine, 3 


Cloudiness, 8 
Coffee, effect of, 4 
Colour of urine, 3 
Colouring matter of urine, 4 
Copx^er sulphate test, 25, 65 
Cystine, 43 

Deposits in urine, 10 
Difficult mictiuition, 2 
Drugs, effect of, 4 
Dumb-bell crystals, 39 

“ Envelope ” form of crystals. 
Epithelial casts, 49 
Epithelium, 47 
Estimation of albumen, 14 
ammonia, 17 
chlorides, 15 
phosphorus, 21, 22 
sugar, 25, 27 
urea, 18, 20 

Eat globules, 47 
Fatty casts, 51 
Feathery phosphates, 37 
Fehling’s test, 25 
Fermentation teat, 26 

Glomeruli, 33 
Granular casts, 51 



l^DEX. 


74 

Guaiacum test, 23 

Haemoglobin, 23 
Heller’s test, 23 
History and behaviour, 8 

ludican, 4 

Jaundiced urine, 4 

Kiestin, 37 

Leucine, 45 
Lime tost, 17 
Lowe’s test, 24 

Hoore’s test, 24 
Mould fungus, 5^1 
Mucus, 8, 10 
Mucous casts, 53 

globules, streaks, 55 
Murexide, 33 

Neutral urine, 7 
Nitrogenous food, effect of, 7 

Odour, 0 

of drugs in urine, 5 
Oxalates, 10, 39 

Painful micturition, 2 
Pellicle, on surface, 8 
Phosphates, 11, 3 o 
earthy, 22 
Phosphorus, 21 
l^olariscope, 26 
Pus, 4,8, 11, 65 


Quantity of urine, 2 
chlorides, 16 
Quantity of urea, 1 7 

Reaction, 7 
Rhubarb, effect of, 4 

Sarcinee, 67 
Sediment, 10 

Sensation in passing urine, 1 
“ Skeleton ” corpuscles, 22, 57 
Specific gravity, 6 
Spectroscope, 23 
Spermatozoa, 67 
Standard solutions, 64, 66 
Stellar phosphates, 37 
Sugar, 24 

Sulphuretted hydrogen, 5 

Table of average composition, 72 
standard solutions, 70 
Tenderness of urinary passages,! 
Test for acidity, 9 
albumen, 12 
alkalinity, 10 
ammonia, 17 
blood, 23 
chlorides, 16 
phosphates, 21 
pus, 9, 65 
sugilr, 24, 25, 26 
tyrosine, 43 
urea, 18, 20 
uric acid, 33 
Tests — 

acetate of uranium, 68 
alcohol, 13 
bismuth,, 25 
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Tests — 

carbolic acid, 13 
caustic soda, 9 
comparison, 27 
Fehling’s, 25 
fermentation, 26 
Grmelin’s, 28 
giiaiacum, 23 
heat, 12 
Heller’s, 23 
Hoffman’s, 43 
Hoppe’s, 29 
hyi)o-bromitc, 18 
Liebig’s, 20 
lime, 17 
Lowe’s, 24 
Moore’s, 24 
murexide, 33 
nitrate of mercury, 16, 20 
silver, 15 
nitric acid, 13 
oxalic acid, 10 
Pettenkofer’s, 28 
polariscope, 26 
spectroscope, 23 


Tests — 

Trommer’s, 24 
tube, 14 
Test stand, 62 
Triple phosphates, 21, 35 
Tube casts, 11, 51, 53 
Tyrosine, 43 

Urates, 9, 10, 31 

of ammonia, 31, 41 
of soda, 31, 41 
Urea, 7, 17 
tests, 18 

Ureameter, 19, 71 
Uric acid, 7, 0, 31, 33 
separation, 33 
test, 33 

Urine, value of, as a secretion, 1 
evidences of disease, 3 
Urinometer, G 

Vibrios, 8, o7 

Waxy casts, 53 

Yeast fungus, 59 
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Flint’s Manual of Percussion and Ausculta- 

TION. Post 8vo, 68. 6d. 

Hall’s Synopsis of the Diseases of the Larynx, 

LUNGS, and HEART. Royal 8vo, 28. 6d. 


MIDWIFERY. 

Barnes’ Lectures on Obstetric Operations: 

a Guide to the Management of Difficult Labour. Third Edition, with 
124 Engravings, 8vo, 18s. 

Clay’s Complete Handbook of Obstetric 

SURGERY ; or, Short Rules of Practice in every Emergency. Third 
Edition, with 91 Engravings, fcap. 8vo, 68. 6d. 

Ramsbotham’s Principles and Practice of 

OBSTETRIC MEDICINE and SURGERY. lifth Edition, with 12U 
Plates, 8vo, £1 2s. 

Robert’s Student’s Guide to the Practice of 

MIDWIFERY. Second Edition, with 111 Engravings, fcap. 8vo, 7s. 

Schroeder’s Manual of Midwifery, including 

the PATHOLOGY of PREGNANCY and the PUERPERAL STATE. 
With Engravings, 8vo, 128. 6d. 

S Wayne’s Obstetric Aphorisms for the Use 

of STUDENTS COMMENCING MIDWIFERY PRACTICE. Sixtli 
Edition, with Engravings, fcap. 8vo, Ss. 6d. 
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MICROSCOPY. 

Carpenter on the Microscope and its Revela- 

TIONS. Fifth Edition, with more than 600 Engravings, crown 8vo, 16s. 

Marsh’s Section-Cutting: a Practical Guide 

to the Preparation and Mounting ot Sections for the Microscope, special 
prominence being given to Animal Sections, With Engravings, fcap. 
8 VO, 28. 6d. 

Martin’s Manual of Microscopic Mounting, 

with Notes on the Collection and Examination of Objects. Second 
Edition, with 160 Engravings, 8vo, 78. 6d. 

Wythe’s Microscopist’s Manual: a Compen- 

dium of the Microscopic Sciences. Third Edition, with 26 Coloured 
Plates, 8vo, las. 

OPHTHALMOLOGY. 

Higgens’ Hints on Ophthalmic Out-Patient 

PRACTICE. Second Edition, fcap. 8vo, 38. 

Wharton Jones’ Manual of Ophthalmic Medi- 

CINE and SURGERY. With 9 Coloured Plates and 173 Wood Engrav- 
ings. Third Edition, fcap. 8vo, 128. 6d. 

Macnamara’s Manual of the Diseases of the 

EYE. Third Edition, with 7 Coloured Plates and 62 Wood Engravings, 
fcap. 8vo, 12s. ed. 

Soelberg Wells’ Treatise on the Diseases of 

the EYE. Thud Edition, wiih Coloured Plates and Wood Engravings, 
8vo, £1 68. 

PATHOLOGY, 

Jones and Sieveking’s Manual of Pathological 

ANATOMY. Second Edition, considerably Enlarged, by I)r. J. F. 
Pavnb, With 196 Engravings, crown 8vo, 16 b. 

Virchow on Post-mortem Examinations : the 

Method of Perfor ming them. Fcap. 8vo, 28. 6d. 

Wilks and Moxon’s Lectmes on Pathological 

ANATOMY. Second Edition, with 7 Steel Plates, 8vo, 18s. 

PSYCHOLOGY. 

Bucknill and Tuke’s Manual of Psychological 

Medicine. Fourth Edition, with 12 Plates and several Wood Engrav- 
jggs, 8vo, £1 58. 
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PHYSIOLOGY. 

Carpenter’s Human Physiology. Edited by 

Mr. rowKit. Eighth Edition, with nearly 40D Engravings, Svo, 
£l lls. (id. 

Dalton’s Human Physiology. Designed for 

the Use of Students and Praetitioners of Medicine, ciixth Edition, 
with 316 Wood Engravings, Svo, £i. 

Prey on the Histology and Histo-Chemistry 

of MAN : A Treatise on the Elements of Composition and Btruotuie of 
the Human Body. Translated from the Fourth German Edition by 
Mr. Barker. With 608 Engravings, 8vo, £1 Is. 

Rutherford’s Outlines of Practical Histology 

for Students and otheis. Second Edition, with 63 Engravings, fcap. 

Sanderson’s Handbook for the Physiological 

HVBOli ATO EY : containing an Exposition of the Fundamental Facts 
of the Science, with explicit Directions for their Demonstration. Two 
vols., with 126 I’lates, 8vo, £1 43. 

SURGERY. 

Bryant’s Practice of Surgery : a Manual. 

Third Edition, with 672 Engravings, 2 vols., crown Svo, £1 6s. 

Bellamy’s Student’s Guide to Surgical Ana- 

TOMY, With 60 Engravings, fcap. Svo, 6.s. 6d. 

Clark and Wagstaffe’s Outlines of Surgery 

and SUEGICAL PATHOLOGY^ Second Edition, 8vo, 10s. 6d. 

Druitt’s Surgeon’s Vade-Mecum. Eleventh 

Edition, with Soy Engravings, fcap. 8vo, 14a. 

Fergusson’s System of Practical Surgery. 

Fifth Edition, with 463 Engravings, Svo, £1 Is. 

Heath’s Manual of Minor Surgery and Ban- 

DAGING. Fifth Edition, with 86 Engravinga, fcap. Svo, Sa. 6d. 

Heath’s Course of Operative Surgery, With 

20 Plates (containing 147 Figures), drawn from Nature by M. LfivEiLLK, 
and coloured by hand under his dirsction. Imp. Svo, £2. 

Maunder’s Operative Surgery. Second Edi- 

tion, with 164 Engravings, post Svo, 6s. 

Pirrie’s Principles and Practice of Surgery. 

Third Edition, with 490 Engravings, Svo, £1 8s. 
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TERMINOLOGY. 

Dunglison’s Medical Lexicon; a Dictionary 

of Medical Science, containing a concise Explanation of its various 
Subjects and Terms, with Accentuation, Etymology, Synonjms, &o. 
New Edition, royal 8vo, £1 8s. 

Mayne’s Medical Vocabulary; or, an Explana- 

tion of all Terms and Phrases used in Medical Science and Practice 
Fourth Edition, fcap. 8vo, ICs. 


WOMEN, DISEASES OF. 
Barnes’ Clinical History of the Medical and 

SUPGK’^AL diseases UF Women, second Edition, with 181 
Engravings, Svo, £l 8a. 

Emmet’s Principles and Practice of Gynae- 

OOLOGY. With 130 Engravings, royal Svo, £l 4s. 

Galabin’s Student’s Guide to the Diseases of 

WOMEN. With 63 Engravings, fcap. Svo, 78. 6d. 

Heywood Smith’s Practical Gynaecology : a 

Handbook of the Diseases of Women. With Engravings, crown Svo, 
6 b. 6d. 

West’s Diseases of Women. Fourth Edition, 

Eovised anti in j)art Ilc-^\^^tteu by the Author, with numerous Additions 
by Dr. J . Matthews Duncan. Svo, 168. 


ZOOLOGY. 

Bradley’s Manual of Comparative Anatomy 

and PHYSIOLOGY. ITiird Edition, with 61 Engravings, post Svo, 0s. bd. 

Ohauveau and Fleming’s Comparative Ana- 

TO MY of DOMESTICATED ANIMALS. With 450 Wood Engravings, 
Svo, £1 lls. €d. 

Huxley’s Manual of the Anatomy of Verte- 

BEATED ANIMALS. With 110 Engravings, crown Svo, 12s. 

Huxley’s Manual of the Anatomy of Inver- 

TEBEATED ANIMAIjS. With 168 Engravings, fcap. 8 to, 168. 

Wilson’s Student’s Guide to Zoology : a 

Manual of the Ih-inciples of Zoological Science. With Engravings, 
fcap. Svo, 6s. 6d. 
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